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other  tnan  in  connection  with  a  definitely  related 
government  procurement  operation,  the  U.  S. 
Government  thereby  incurs  no  responsibility,  nor  any 
obligation  whatsoever)  and  the  fact  that  the  Govern¬ 
ment  may  have  formulated,  furnished,  or  in  any  way 
supplied  the  said  drawings,  specifications,  or  other 
data  is  not  to  be  regarded  by  implication  or  other¬ 
wise  as  in  any  manner  licensing  the  holder  or  any 
other  person  or  corporation,  or  conveying  any  rights 
or  permission  to  manufacture,  use  or  sell  any 
pacented  invention  that  may  in  any  way  he  related 
thereto. 
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A.  JS&aST: 

To  evaluate  the  affeot  on  the  timer  eioapeaent 
and  gear  train  efficiency  as  a  result  of  substi¬ 
tuting  sapphire  Jewelled  bearings  for  brass  at 
the  pinion  pivots.  Investigate  shook  resistance 
of  jewelled  bearings  and  determine  adequate  shook 
mounting  techniques. 


B.  SUMMARY: 

The  225  goverment-f-irnished  timers  were  oheoked 
for  rate  on  a  Oibbs  recorder  using  a  6-1/2  oz-in 
dead  weight  drive  and  were  regulated,  as  required, 
to  produce  a  two-minute  run  within  the  tolerance 
requirement  of  the  XM-7  Tiaer. 

Concurrent  with  these  preliminary  tests,  the  design 
was  studied  and  the  physioal  size  and  shape  of  the 
Jewels  w&3  determined.  Pinal  Jewel  designs  sre 
shown  on  Drawings  213C3,  21304,  and  21305. 
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As  a  basis  for  comparison^  the  units  to  be  Jewelled 
were  first  subjected  to  teu-  (10)  consecutive  timing 
tests  (130  seconds  each)  and  ten  (10)  consecutive 
1  minimum  torque  tests.  The  first  group  was  Jewelled 
on  original  location  at  the  four  escapement  pivots 
only.  After  testing,  the  results  when  compared  to 
the  oontrol  runs  indicated  no  change  in  timing 
repeatability,  but  the  minimum  driving  torque  had 
increased. 

Additional  testing  of  Jewelled  units  with  the 
Jewels  mounted  in  carefully  Jig-bored  and  line- 
reamed  holes  a3so  produoed  inconclusive  results. 

Sixteen  (16)  previously  Jewelled  timers  were  fitted 

\ 

with  new  escape  wheel  and  pinion  assemblies  and 
new  lever  assemblies.  These  pivots  were  brv- *  •shed 
to  an  finish  and  provided  an  increase  in 

diametral  clearance  of  .0006* «  The  results  from 
the  tests  on  these  units  were  also  negative. 

At  this  point,  the  data  to  was  reviewed  with 
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the  project  officer,  and  it  was  decided  that  further 
testing  would  be  delayed  pending  his  evaluation  of 
this  data  and  a  proposal  to  Jewel  the  lever  pallets. 

Due  to  a  shift  in  personnel,  a  new  project  officer 
was  assigned  and,  after  a  review  of  the  progratt, 
it  was  decided  to  study  the  effeots  of  vibration 
on  Jewelled  timers.  Tests  an  twelve  (12)  titters 
before  and  after  transportation  vibration  indicated 
that  vibration  had  no  adverse  effect  on  tilling, 
minimum  operating  torque,  or  condition  of  the  Jewels 
and  pivots. 


C.  PROCEDURE  AND  RBSULT3: 

Work  on  this  contract  started  the  last  week  of 
March  1961  and  a  comprehensive  study  of  the  actual 
mechanics  of  Jewelling  was  made.  Plate  thickness, 
available  space,  endshake  control,  and  standard*- 
ization  of  JewelB  were  the  most  important  ^arts 
of  this  study.  layouts  were  made  to  set  up  the 
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actual  parameters  for  the  Jewel  design.  The 
number  of  different  Jewels  required  was  found  to 
be  four  (4);  however,  by  reducing  the  pivot 
diameter  cf  t.ne  of  the  pinions,  the  total  was 
reduced  to  three  (3). 

In  keeping  with  the  required  olive  bombe*  Jewel 
dos.lgn  and  the  necessity  to  cont:1'  •’  andshake., 
a  modified  olive  bombe'  Jewel  v.as  required.  The 
design  of  these  Jewels  is  shown  on  Drawings 
21303,  21304,  and  23305.  These  Jewels  were  mounted 
in  reverse  to  what  is  customary  when  used  with  an 
endstor.e,  i.e.  the  soherical  surface  serveB  as 
the  bearing  surface  for  the  pivot  shoulder.  The 
Turtle  Mountain  Ordnance  Plant  supplied  sapphire 
Jewels  to  this  design  but  could  not  supply  Jewels 
in  gla&8.  Requests  to  the  following  three 
domestic  companies  were  also  "no  bid": 
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Richard  H.  Bird  Company 
1  Spruce  Street 
Waltham  54,  Massachusetts 

Weston  Instrument  Company 
Newark,  New  Jersey 

John  Worley  Jewel  Company 
North  Falmouth,  Massachusetts 

Since  glass  Jewels  of  this  design  were  not  available, 
this  requirement  of  the  oontraot  waB  deleted. 

The  225  movement  assemblies  used  in  these  tests 
were  received  on  15  May  1961.  Prior  to  any 
specific  testing,  all  units  were  cheoked  for  regu¬ 
lation  and  adjusted  as  required  to  produce  a  full 
two-minute  run  in  accordance  with  the  requirements 
of  the  XM-7  Timer.  The  tapes  from  the  Gibbs 
Recorder  for  these  runs  were  identified  with  the 

i 

serial  number  and  retained. 

In  a  conference  with  the  projeot  officer,  a  plan 
of  testing  was  decided  upon  as  follows: 

1 •  Timing  Test  — 

a.  Select  ten  (1C)  units  at  random 
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b.  Run  ten  (10)  consecutive  timing  testa  on 
each  unit»  Timing  period  to  be  one  full 
revolution  of  an  input  drive  wheel  having 
If'  teeth*  This  results  in  three  full 
turns  ox  the  10-tooth  number  4  pinion. 

c.  Record  the  time  (nominal  is  130  seconds) 

d.  Calculate  mean  time,  spread,  and  standard 
deviation  for  each  unit. 

Z.  Torque  Teat  — 

a.  Use  the  ten  timers  from  the  timing  test. 

b.  Make  ten  (10)  consecutive  runs  on  each 
timer  to  determine  minimum  operating 
torque. 

c.  Record  torque  valuos 

d.  Calculate  ueen  torque,  spread,  and 
standard  deviation  for  each  unit. 
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The  test  equipment  used  for  thc^e  testa  la  sho-rei 
in  Pigureo  1  and  2,  A  mounting  block  ia  equipped 
with  a  shaft  supported  by  two  ball  bearings.  One 
end  of  this  shaft  is  fitted  with  a  20-tooth  gear 
and  the  other  end  is  fitted  with  a  pulley  whose 
effective  diameter  is  two  (2)  Inohes.  A  contact 
button  near  the  outer  edge  of  the  pulley  aotuatea 
a  microswitch,  thereby,  starting  the  electric 
timer.  Upon  the  completion  of  one  full  revolution, 
the  button  again  actuates  the  switch  and  stops  the 
electric  timer.  The  elapsed  time  for  one  revolution 
of  the  pulley  can  then  be  read  on  the  electric 
timer.  All  timing  tosts  were  run  with  a  torque  of 
6-1/2  oz-in.  For  the  torque  teat,  the  pulley  ia 
replaced  by  a  cam-shaped  pulley  as  shown  in 
Figure  2.  This  provides  a  uniformly  decree  nisn* 
torque,  and  the  torque  range  oan  be  varied  by 
changing  the  value  of  the  weight  ■H*. 

Th«  lubricant  used  throughout  these  tests  was 
Hamilton  Watc.i  Company  fuze  oil  £3356  which  meets 
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the  requirements  of  Mil-L-1173**. 

Ten  (3.0)  standard  timers  were  tested  as  described 
above,  and  the  results  of  these  tests  are  shown 
as  coz.trol  tests  in  Table  1. 

These  ten  (10)  timers  mere  then  oarefully  dis¬ 
assembled,  marking  eaoh  gear  so  that  all  elements 
of  the  train  could  be  reassembled  in  the  same 
relative  position.  The  two  plates  containing 
the  pivot  holes  for  the  escape  arbor  and  the 
escape  pinion  were  sent  to  the  model  shop  for 
Jewelling.  The  holes  were  reamed  to  size  on 
existing  location,  an*  the  Jewels  were  pressed  in 
place  so  that  the  surface  controlling  endshake  was 
at  the  same  elevation  as  the  plate. 

All  parts  were  ultras onioally  cleaned,  and  the 
timers  were  reassembled,  oiled,  and  regulated  to 
81.77  cps. 

These  Jewelled  timers  were  then  given  timing  and 
torque  tests.  The  results  are  shown  in  Tab3"  1 
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whore  they  oan  be  direotly  oompared  with  the 
results  on  these  timers  prior  to  jewelling*  The 
results  show  that  mean  minimum  driving  torque 
increased  for  all  ten  timers  and  the  range  of 
minimum  torques  increased  in  nine  out  of  ten 
oases.  However,  little  nr  no  ohanga  was  noted  in 
mean  time  or  rango  of  times. 

An  additional  ten  timer  movements  were  disassembled 
and  were  modified  to  include  jewels  in  the  respective 
plates  for  upper  and  lower  pivots  of  the  escape  lever 
and  escape  pinion.  However,  these  Jewels  were 
mounted  in  ac(.  iriancc  with  drawing  locations  inateri 
of  matching  the  existing  pivot  hole  looation. 

Timing  and  torque  tests  were  conducted  on  these 
Jewelled  movements.  These  movements  were  used  as 
a  oont.rol  lot  for  evaluating  the  effect  of  standard 
pivots  versus  burnished  pivots  when  jewelled  on 
drawing  location.  After  twenty  (20)  new  escape 
levers  and  escape  pinions  had  been  bumishtvx  to 
provide  a  higher  surface  finish  end  a  pl~ot  dia¬ 
meter  redr.oed  by  .  J006\  those  r ovements  Wi*r« 
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reassembled,  and  the  tests  we**1*  repeated  on  nine 
(9)  timers,  as  shown  on  Table  3* 

The  aboTT  procedure  was  repeated  on  seven  (7) 
of  the  initially  jewelled  movements  and  compared 
with  the  original  data,:#*  shown  on  Table  2.  Thus, 
these  sixteen  (16)  timer  movements  yielded  two  sets 
of  data,  i.e.,  (l)  the  effeot  of  burnished  pivots 
operating  in  jewels  on  existing  looation  versus 
standard  pivots,  and  (2)  the  effect  of  burnished 
pivots  operating  in  jewels  an  drawing  looation 
versus  standard  pivots.  Four  (4)  were  left  out 
of  these  tests  due  to  rejection  of  reworked  lever 
assemblies.  Tables  2  and  3  show  the  computation  , 
of  the  mean  values  and  range  cf  the  time  and  torque 
tests,.  These  data  show  that  there  is  no  signifi¬ 
cant  difference  between  the  standard  pivots  and  the 
burnished  pivots  whether  jewelled  on  existing 
location  or  on  drawing  looation.  The  values  for 
mean  time  were  all  slightly  less  for  the  burnished 
pviots  than  f-t  the  standar-vi.  pivots.  This,  by 
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itself;,  is  not  significant  since  no  other  pattern 
was  established. 

Table  2  shows  that  movements  utilizing  burnished 
pivots  require  less  operating  torquo  than  move¬ 
ments  whioh  do  not  contain  burnished  pivots. 

Also,  the  mean  time  was  reduoed  for  six  out  of 
seven  movements.  These  data,  in  Table  2,  would 
indicate,  then,  that  there  may  be  a  slight 

'•  •••  u  .  t  • 

reduction  in  torque  with  avamaller  variation  in 
timing.  This,  however,  is  questionable,  and  so 
it  was  decided  by  the  Prankford  Arsenal  Project 
Officer  to  expose  the  above  movements  to  the  trans¬ 
portation  vibration  test  in  accordance  with 
MIL-STD-303  to  evaluate  the.,  effect  of  this  environ¬ 
ment  on  the  jewelled  movements.  Table  4  shows  the 

1 

data  pertaining  to  this  test  and  indioates  that 
transportation  vibration  environment  had  no  sig¬ 
nificant  effect  on  the  timing  and  torque  tests. 
Following  these  tests,  a  visual  inspection  has  per¬ 
formed  or  eac>j  nevemant  to  verify  the  cci.jition  of 
the  Jewels  and  pivots.  The  results  or  this 
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inspection  showed  no  adverse  effects  on  the  jewel 
mountings  nor  on  the  pivots.  These  jewels  were 
friction  fitted  or  pressed  directly  into  the 
brass  place;-,  with  an  interference  fit  of  ,0002  to 
.0006,  inch. 

All  the  above  testing  involved  Jewels  mounted  at 
the  upper  and  lower  pivots  of  the  escape  lever 
arbor  and  the  escape  wheel  pinion.  All  subsequent 
testing  was  concerned  with  evaluating  the  results 
of  Jewelling  the  upper  and  lower  pivot  holes  of 
pinions  Nos.  1  thru  4.  Prior  to  reassembly  of 
these  movement. .  the  plates  were  visually  Inspected 
to  verify  that  all  Jewels  were  flush  with  the  pro¬ 
per  side  of  the  jx^ate.  These  Jewels  were  mounted 
on  the  existing  pivot  hole  location.  After  these 
movement'!  were  assembled  and  regulated,  timing  and 
torque  tests  were  run  before  end  after  exposure  to 
the  transportation  vibration  environment. 

Ref -areiica  co  Table  5  shows  the  set  of  computed  data 
for  each  of  the  three  teat  conditions :  (U  th- 
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control  runs  on  the  standard  movements;  (2)  the 
test  runs  on  the  Jewelled  movements  before  trans¬ 
portation  vibration;  and  (3)  the  test  runs  after 
transportation  vibration.  Again,  there  was  no 
significant  development  in  data  from  one  test 
condition  to  another.  The  values  for  mean  time 
seemed  to  hold  fairly  consistent  while  the  mean 
torque  values  all  decreased  slightly  for  the 
Jewelled  units  with  the  exception  of  one  (#1188), 
After  transportation  vibration,  these  mean  torque 
values  experienced  another  slight  decrease  with 
one  exception  (#1090)  which  would  serve  to  indi¬ 
cate  that  Jewelling  is  . ot  a  significant  factor. 


Dt  CONCLUSIONS; 

In  the  summary  of  work,  it  has  already  been  indi¬ 
cated  that  the  results  of  Jewelling  all  pivot 
points  had  no  significant  effect  on  the  performance 
of  the  timer  movements.  However,  since  each  of  the 
mean  values  recorded  ±n  the  tables  of  data  we-" 
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based  on  only  ten  runs  each,  \t  Is  therefore 
difficult  to  predict,  on  the  basis  of  these  test 
results,  how  much  the  operating  life  was  increased. 
It  is  reasonable  to  assume  that  pivot  life  and 
pivot  hole  sizes  could  be  maintained  over  a 
greater  number  of  operating  cycles,  especially' 
the  heavier  loaded  pivots* 

This  particular  escapement  was  originally  designed 
as  a  " one-shot-and-Aone*  device  and  as  such  was 
not  intended  for  repeated  testing.  Further,  due 
to  the  laminated  design  and  the  fact  that  some 
latitude  for  r  lative  movement  of  plates  exists, 
when  the  assembly  sorews  are  loose,  makes  "before 
and  after"  test  results  somewhat  unsatisfactory 
for  comparative  purposes.  This  1b  especially  so 
In  the  8 mall  numbers  involved  in  this  series  of 
tests.  Fast  experience  with  this  same  movement 
has  shown  that  the  simple  act  of  loosening  the 
nuts  on  the  assembly  screws  and  then  tightening 
them  again  will  invariably  r*quir?  a  slight 
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readjustment  to  bring  it  back  into  time. 

It  is,  therefore,  concluded  that  in  order  to 
materially  improve  this  timer,  one  or  more  of  the 
following  changes  would  have  to  be  luade: 

1.  Tighter  controls  on  hole  locations. 

2.  Better  finishes  on  holes  and  pivots. 

3.  Reduced  friction  between  escape  wheel  teeth 
and  pallet  faces. 

4.  More  positive  location  of  plates  relative 
to  each  other  ut  assembly. 

5.  Better  finish  on  gear  and  pinion  teeth. 


6.  Closer  control  on  gear  and  pinion 
concentricity. 
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E.  RECOMMENDATIONS; 

Due  to  the  high  interest  of  the  Hamilton  Vatoh 
Company  in  the  continued  improvement  and  use  of 
the  Jungicvn’a  Escapement,  many  paper  studies, 
as  well  as  hardware  experimentation,  have  haem 
made.  Some  of  these,  suoh  as  the  beryllium  oopper 
escape  wheel,  have  resulted  in  improved  life  and 
operation.  The  following  analysis  was  made  to 
show  that  the  pivot  friction  of  the  esoape  lever 
arbor  is  a  small  percentage  of  the  friction 
between  the  es>  —pe  wheel  teeth  and  the  pallet  as 
each  pallet  face  moves  through  the  "lock*  position- 

Reference  to  Figure  3  Bhowu  the  friotional  forces 
acting  at  the  arbor  pivot  and  the  pallets  when 
each  pallet  is  shown  entering  the  "lock*  position. 
These  same  friotional  foroes  are  also  acting,  but 
in  the  opposite  direction,  when  the  pallets  are 
withdrawing  from  the  "lock*  position. 

Following  is  an  estimated  value  of  the  friotional 
drag  on  the  iu/er  as  tha  leading  corner  of  the 
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escape  wheel  tooth  comes  in  contact  with  the 
lock  surface  of  the  exit  pallet  "B". 

The  torque  Tgy  at  the  escape  wheel  is: 


where  TH  is  the  Bainspring  tprque . 

R  is  the  overall  gear  train  ratio  from 
mainspring  arbor  gear  to  esoape  wheel 
pinion. 

E  is  the  estimated  gear  train 
effioienoj 

then  the  force  P  required  to  resist  the  escape 
wueel  torque  is: 


where  rb  is  the  radial  distance  from  the  escape 
wheel  pivot  to  the  base  olrolc  of  the  tooth. had 
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tho  normal  foroe  Fn  of  the  wheel  tooth  against  the 
pallet  is: 

PN  =  —  - 

ccg^e 

than  FL  -  u  Fn  where  u  is  the  coefficient  of 
friction  between  the  wheel  tooth  and  the  pallet 

■B". 

Therefore,  the  retarding  torque  Tr  acting  on  the 
pallet  in  Tr  »  FjR  . 

Following  is  an  estimated  value  of  the  frictional 
drag  on  the  le.er  as  a  result  cf  pivot  friction. 

Use  the  same  value  for  Fn  as  above. 

Then  the  drag  fcrce  Fp  at  both  upper  and  lower 
lever  pivots  is: 


PP  “  2^pn 

where ju  is  the  coefficient  of  friction  betw'  jn 
uhe  ai uor  pivots  and  the  brass  plates. 
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!  Therefore,,  the  retarding  torque  acting  at  the 

|  t 

lever  pivots  i.b  : 


Tp  m 

If  the  coefficient  of  friction  ,iu  ia  the  Bats 
between  the  wheel  teeth  said  the  pallet  qb  it  ia 
between  the  lever  pivots  and  the  plates,  then  the 
frictional  drag  forces  F^  a;  1  Fp  will  be  equal. 

The  the  ra*lo  of  i?. : 

— sfr~ — 


TT  KtR 

b  »  _L_ _  =  R_ 

Tp  2Fpr  2r 


3.78 


This  equation  states  tha$  the  lever  drag  at  the 
pallet  as  a  result  of  friction  is  3«?8  times 
greater  tnan  the  drag  in  ire  lever  as  a  reaul* 
pivot  frietion. 

In  line  with  the  results  of  the  above  analyst*,  a- 
design  1  or  jewelling  the  pa.1  lata  of  a  Jungh—t’e 
Kscapewent  was  laid  out  an-*  '  e  m»cpnRa."v  cnanges 
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to  existi:.ig  par-!,  a  as  well  as  new  parts  ware 
detailed.  Th's  design  is  shown  on  SK  1228  and 
SK  12j'C. 

It  is  highly  recommended  that  any  future  work 
directed  toward  improving  this  particular  type 
of  timer  include  an  investigation  of  this  approach. 
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